& Abstract: Pregabalin is a commonly used therapy currently recommended as first-line treatment for a number of neuropathic pain (NeP) conditions. Since licensure, a number of clinical trials of pregabalin in different NeP conditions have been completed from which additional data on safety and tolerability can be drawn. In this analysis, patient-level data from 31 randomized clinical trials of pregabalin in peripheral NeP sponsored by Pfizer were pooled and assessed for incidence of adverse events (AEs). Incidence by age, disease condition, and race, together with risk differences and time to onset and resolution of AEs, was assessed. In total, 7,510 patients were included: 4,884 on pregabalin (representing 805 patient-years treatment) and 2,626 on placebo. Pregabalin vs. placebo risk analysis identified 9 AEs with a risk difference, for which the lower limit of the 95% confidence interval (CI) was > 1%: dizziness (risk difference [95% CI]: (17.0 [15.4 to 18.6]), somnolence (10.8 [9.5 to 12
INTRODUCTION
Neuropathic pain (NeP) is a common condition 1 which, due to its chronicity, severity, and associated comorbidities, can be challenging to treat. [2] [3] [4] In particular, difficulties in managing NeP frequently arise if the patient is resistant to treatment, if they receive inappropriate or subtherapeutic doses, or if they are unable to tolerate medication. 2 Pregabalin is well established as one of the most commonly used treatment options for chronic pain therapy and is recommended as a first-line treatment for most NeP conditions. [5] [6] [7] [8] In Europe, pregabalin is indicated for the treatment of peripheral and central NeP, generalized anxiety disorder, and as adjunctive therapy for partial seizures. 9 In the United States, pregabalin is indicated for the management of NeP associated with diabetic peripheral neuropathy (DPN), postherpetic neuralgia (PHN), and spinal cord injury, for the treatment of fibromyalgia, and for adjunctive therapy for partial seizures. 10 To date, the worldwide exposure to pregabalin is in excess of 19 million patientyears. 11 It is always important for the physician to have access to up-to-date information on any adverse events (AEs) associated with a drug in order to guide decisionmaking. Since licensure, many randomized, doubleblind trials have assessed the safety and efficacy of pregabalin in NeP conditions, providing a wealth of information on the safety profile of pregabalin in this patient population. A number of recent publications have taken information from published clinical trials to gain new insights into the AE profile of pregabalin. 3, [12] [13] [14] [15] However, these studies were limited to an analysis of population-level data available in the literature. This current analysis pooled patient-level data from 31 randomized, placebo-controlled studies of pregabalin in peripheral NeP, allowing for a more detailed and robust analysis of pregabalin's safety profile. In this comprehensive assessment, analyses were undertaken to stratify the pooled data by pregabalin dose and patients' disease condition, age, and race. The time to onset and time to resolution of the most common AEs were also evaluated. This analysis provides a detailed assessment of what physicians and other healthcare providers may expect when treating patients with peripheral NeP with pregabalin.
METHODS

Source Data
For this analysis, data were pooled from all 31 phase II, III, and IV randomized, controlled trials of pregabalin in peripheral NeP sponsored by Pfizer. Trials were conducted between March 1998 and May 2012 in Asia, Australia, Canada, Europe, Latin America, the Middle East, South Africa, and the United States. The studies were conducted in patients with DPN, PHN, chronic lower back pain (CLBP), human immunodeficiency virus (HIV) neuropathy, cancer-related NeP (chemotherapy-induced neuropathy and cancer-induced bone pain), posttraumatic peripheral NeP (PT), and other NeP conditions (idiopathic trigeminal neuralgia [TGN] and disturbed sleep concurrent with NeP) ( Table 1 ). The duration of these studies ranged from 2 to 18 weeks. Pregabalin dosing included fixed doses of 75, 150, 300, 450, and 600 mg/day and flexible dose of either 100 to 600 mg/day or 150 to 600 mg/day. AEs were assessed throughout each trial including clinically significant symptoms and signs, in addition to abnormal laboratory test values and changes in physical examination findings. AEs were coded in accordance with the Medical Dictionary for Regulatory Activities' medical terminology.
Three randomized withdrawal trials of pregabalin in NeP, conducted between April 2005 and January 2012 in patients with NeP of mixed etiology, 16 chronic lumbosacral radiculopathy, 17 and refractory DPN, 18 were analyzed separately to the full data set. AEs were reported in the first phase in which they occurred unless they worsened in severity or frequency in a later phase. AEs that began or worsened in severity after the end of the single-blind pregabalin run-in are included. Data from randomized withdrawal trials were not pooled with those from parallel, double-blind trials as the trial methodologies are not compatible.
Data Analysis
The full data set was analyzed for incidence of AEs, with the most common AEs identified as those with a risk difference, for pregabalin all-doses compared with placebo, for which the lower limit of the confidence interval (CI) was > 1%. For each AE, 95% CI calculations for the risk differences between pregabalin and placebo were adjusted by study. Risk difference is calculated by subtracting the absolute risk with placebo from the absolute risk with pregabalin, to determine the level of risk that can be attributed to treatment. The AE profile was also determined for patients grouped by pregabalin dose and patient age, race, and disease condition. Time to onset and time to resolution of AEs were also assessed using survival estimates and the LIFETEST procedure for censored values. All analyses were descriptive.
RESULTS
Patient Population
In total, 7,510 patients were included in the data analysis: 4,884 on pregabalin (a total of 805 patientyears of pregabalin treatment) and 2,626 on placebo (Table 2) . Of these, safety data were available for 7,509 patients: 4,883 on pregabalin (859 on ≤ 150 mg/day; 1,212 on > 150 to ≤ 300 mg/day; 129 on > 300 to ≤ 450 mg/day; 1,211 on > 450 to ≤ 600 mg/day; 1,472 on flexible dose) and 2,626 on placebo. Of the patients included, 53.1% were male and 40.6% were aged ≥ 65 years ( Table 2 ). The median duration of treatment across all studies was 59.0 days with pregabalin and 63.0 days with placebo. There were notable differences between races in the median duration of treatment with both pregabalin and placebo: White patients, 55 days with pregabalin and 56 days with placebo; Asian patients, 88 days and 90 days; Black patients, 92 days and 99 days; and other patients, 57.5 days and 75 days. This difference was likely due to larger proportions of Asian and Black patients in the more recent studies, which tended to be of longer duration. In the flexible-dose studies, the mean dose of pregabalin (across the duration of the study, including the titration and maintenance phases) was approximately 280 mg/day for most conditions (279 mg/day for DPN, 269 mg/day for PHN, 275 mg/day for HIV neuropathy, and 288 mg/day for PT), with a median dose of 300 mg/day for DPN, HIV neuropathy and PT, and 294 mg/day for PHN. However, in cancer pain, the mean dose of pregabalin was lower, 203 mg/day (median 196 mg/day), potentially due to most patients continuing to receive concomitant pain medications during these trials. Mean (and median) doses of pregabalin in each condition were also similar across racial groups (median dose of 300 mg/day in the White, Black, and Asian groups). Table 3 summarizes the incidence of AEs occurring in > 2% of patients treated with pregabalin (all-doses combined). Due to the low number of patients in the > 300 to ≤ 450 mg/day group (n = 129), this group was combined with the > 450 to ≤ 600 mg/day group. The lower number of patients in the 450 mg/day group was due to the design of the trials; earlier trials tended to use doses of 150, 300, and 600 mg/day, whereas later trials tended to use flexible dosing. Incidence of AEs typically increased with higher fixed doses of pregabalin and was lowest in the ≤ 150 mg/day group, followed by the flexible-dosing group. The most common AEs with pregabalin were dizziness, somnolence, peripheral edema, and weight increase. Headache, nausea, and diarrhea were less frequent with pregabalin (all-doses combined) than with placebo, while nasopharyngitis had a similar incidence with pregabalin and placebo. The incidence of euphoric mood in the pregabalin alldoses group was 1.6%, compared with 0.2% in the placebo group. Analysis of the overall pooled population identified 9 AEs with a risk difference for pregabalin (all-doses combined) compared with placebo for which the lower limit of the 95% CI was > 1% ( Table 4 ). Most AEs were more common with increased age, with the exception of weight increase and euphoric mood, which were more common in younger patients. While incidence of constipation with pregabalin was higher in older patients (Table 4) , there was also a higher incidence with placebo, resulting in a lower risk difference than in younger patients ( Figure 1 ).
Incidence of AEs
The incidence of AEs also varied across disease conditions (Table 5 ). In DPN and PHN patients, the AE profile was similar to the pooled population (all conditions) with slightly higher incidences of somnolence and constipation in PHN patients than in DPN patients. In CLBP patients, dizziness, dry mouth, and euphoric mood were more common, with peripheral edema and constipation less common, than the pooled population. Euphoric mood was also more common in HIV Number (percentage) of patients experiencing each adverse event. Adverse events with an incidence ≥ 2% in the pregabalin all-doses group are shown. The > 300 to ≤ 600 mg/day group includes the > 300 to ≤ 450 (n = 129) and > 450 to ≤ 600 groups (n = 1,211). The median flexible dose of pregabalin was 300 mg/day. Italics indicate adverse events in which incidence with pregabalin all-doses was equal or less than placebo. *Whole-body edema, as distinct from edema of the peripheral limbs. Risk difference, % (95% CI) Figure 1 . Risk difference for common adverse events by age group. Risk difference with 95% confidence interval (CI) for patients < 65 years and ≥ 65 years for each AE (pregabalin, n = 4,883; placebo, n = 2,626). The risk difference for each AE, for all patients (of any age), is also shown. Those AEs with a risk difference for which the lower limit of the 95% CI was > 1% (for pregabalin all-doses) are shown.
neuropathy patients, while other AEs were less common. In patients with cancer NeP, dizziness, peripheral edema, weight increase, and dry mouth were all less common than in the pooled population. Dizziness was more common in patients with PT and Other NeP. There were some differences in the incidence of AEs across racial groups (Table 6 ). Dry mouth was notably rare (< 1%) in Asian patients, as was blurred vision, while there was only 1 instance of balance disorder and none of euphoric mood. At the same time, incidence of somnolence, peripheral edema, weight increase, and constipation was slightly higher than in other racial groups. In Black patients, dizziness, weight increase, dry mouth, blurred vision, and balance disorder were less common than in all racial groups combined. The AEs with the highest relative risk with pregabalin were examined to determine the point at which they emerged and the point at which the event resolved. Kaplan-Meier plots of time to onset and time to resolution of the most common AEs with flexible-dose pregabalin are shown in Figure 2 . Survival distributions for flexible-dose pregabalin are shown, but data followed similar trends for other doses of pregabalin and for placebo, both for onset and resolution.
Median times to onset and times to resolution for AEs with placebo and flexible-dose pregabalin, together with the proportion of AEs that resolved prior to the end of the trial, are shown in Table 7 . Both dizziness and somnolence typically emerged within the first 1 to 2 weeks of starting pregabalin treatment, with a median time to onset of 9 and 10 days, respectively. Most instances resolved before the conclusion of the trial, typically within 9 to 14 days of onset. With the exception of weight increase, the other identified AEs also tended to be transient and most instances resolved prior to the end of the study (within 9 to 24 days).
Incidence of AEs in Randomized Withdrawal Trials
Adverse events from randomized withdrawal trials were not included in the full data set due to the unique nature of this type of trial. However, 3 randomized withdrawal trials of pregabalin in NeP (mixed etiology, 16 chronic lumbosacral radiculopathy, 17 and refractory DPN 18 ) were assessed separately from the full analysis population. Across the 3 trials, 337 patients were treated with pregabalin and 331 with placebo. The most common treatment-emergent AEs (occurring in ≥ 2% of patients) were peripheral edema (9.2% with pregabalin and 5.7% with placebo), dizziness (4.5% and 3.3%), increased weight (4.5% and 1.8%), and somnolence (3.0% and 2.1%). The median dose of pregabalin in randomized withdrawal trials was approximately 200 mg/day.
DISCUSSION
No drug is without AEs, and the more information available about which AEs might be expected and when they may emerge, or resolve, the greater will be the ability of the physician to anticipate complications, set expectations, and improve patient management.
Improved discussion between physician and patient regarding potential AEs has been credited for the low rates of AEs seen in observational studies of pregabalin. 19 This may be due to reduced anxiety regarding expected AEs or patients' experience of mild AEs. Previous publications have investigated the incidence of AEs with pregabalin, through pooled analyses of published data from trials 3, [12] [13] [14] [15] 20 and patient-reported AEs.
21 This analysis of patient-level data from 31 clinical trials of pregabalin across a number of NeP conditions provides comprehensive data on the incidence of the most common AEs, including when they are most likely to occur and resolve (Table 8 ). The use of patient-level data in pooled analyses is recognized as the least biased and most reliable means of addressing questions not answered by individual trials. 22 The incidences of most common AEs in this analysis were lower than those reported in the current prescribing/product information for pregabalin.
9,10,23 The scientific discussion for the approval of pregabalin from the European Medicines Agency reports incidences with all-doses of pregabalin of 29.1% for dizziness, 22.6% for somnolence, 5.6% for weight gain, and 9.1% for dry mouth 23 compared with 24.3%, 15.1%, 6.2%, and 5.0% in this analysis. In contrast, the scientific discussion reports an incidence of 5.6% for peripheral edema, 23 compared with 8.6% in this analysis. This may be due to an ascertainment bias in some more recent DPN trials. 24 In these trials, study investigators were required, at each visit, to check for peripheral edema and report any increase in peripheral edema as an AE, Incidence, resolution, and median time to onset and resolution with placebo and flexible-dose pregabalin. Adverse events with a risk difference for which the lower limit of the 95% CI was > 1% (all-doses pregabalin) are shown.
leading to higher reported incidences with both pregabalin and placebo. 24 Consistent with this, the incidence of peripheral edema with placebo reported in the scientific discussion was 1.4%, 10,23 compared with 3.6% in this analysis.
The lower incidence of many AEs in this analysis, compared with the prescribing/product information, may reflect the greater proportion of flexible-dose studies conducted more recently. In this analysis, the incidences of AEs were lower in studies with flexible dosing. While the median dose of pregabalin in the flexible-dosing studies was 300 mg/day for most conditions, the incidence of AEs with flexible dosing was notably lower than in the fixed-dose, > 150 to ≤ 300 mg/day group (or any fixed-dose group > 150 mg/day) for all of the most common AEs. In those trials with both flexible-and fixed-dose arms, the incidence of AEs was notably higher in the fixed-dose arm. For example, in the 1008-155 study, 25 incidence of dizziness was 28.8% with 600 mg/day fixed dose, compared with 19.1% with flexible dosing. In the A0081004 study, 26 incidence of dizziness was 30.7%
with 300 mg/day fixed dose and 24.2% with flexible dosing. These data suggest that replicating the flexibledosing strategy, through careful dose titration to the highest tolerable dose, would be the most appropriate approach in clinical practice. This conclusion is supported by the current European guidelines for the treatment of NeP, which recommend treating with pregabalin between 150 and 600 mg/day, 6 with 150 mg/day being the lowest effective dose. 27 In this analysis, the incidence of dizziness in PT studies was notably higher than in other disease conditions (37.1% compared with 24.3% overall). This difference is most likely a consequence of the dosing schedule in the A0081064 clinical trial, which represented the majority of PT patients. 28 In this trial, patients were given their initial dose, and any subsequent dose increase, in the morning, while in other trials, and in clinical practice, it is given at night. 28 To reduce the likelihood of dizziness (and potentially other AEs), patients should, whenever possible, take their first dose of pregabalin or any change in dose at night. Previous studies have suggested that somnolence and dizziness are frequently transient and are most commonly reported in the first week of treatment, with a fall in incidence from week 2. 29 This finding is largely supported by this analysis in which more than half the cases emerged in the first 2 weeks. The majority of cases (> 90%) emerged in the first 5 weeks for dizziness and the first 7 weeks for somnolence. Dizziness and somnolence were often quick to resolve, with median times to resolution of 9 and 14 days, respectively. These data indicate that the most common AEs with pregabalin, dizziness, and somnolence, typically emerge soon after starting treatment and resolve soon after that, without having to cease treatment. In fact, instances of AEs were generally transient and resolved prior to the end of the study without withdrawing from treatment. Time to onset and time to resolution of the AE were often broadly similar for both pregabalin and placebo. This suggests that, typically, continued exposure to pregabalin did not significantly affect the progression, or resolution, of the AE. A recent analysis of weight gain in more than 40 studies of patients treated with pregabalin for up to 1 year indicated that weight increase was more likely in patients with lower baseline body mass index.
12 Weight increase more commonly emerged following a longer period of treatment (> 56 days) with a median weight increase of 5 to 6 kg, while the majority of patients (82%) did not have any significant weight change.
12 These data are consistent with those reported here, where weight increase emerged later than other common AEs.
Incidence of euphoric mood across all pregabalin groups was low (80 incidences in 4,883 patients; 1.6%), with similar incidences across all pregabalin doses > 150 mg/day. The majority of cases were from trials in CLBP and HIV neuropathy with 34 and 15 cases, respectively (incidences of 7.3% and 4.5%, respectively). Incidence of euphoric mood was < 1% in all other conditions. For HIV patients, there were no cases of euphoric mood in the A0081244 trial, which 3, 20 Patients with a lower baseline body mass index are more likely to gain weight 12 Managing adverse events with pregabalin Carefully titrate pregabalin to the highest tolerable dose (a minimum of 150 mg/day 6, 27 ) The initial dose, and any dose increase, should be given at night To set expectations, potential AEs should be discussed with the patient ahead of treatment excluded patients who failed a urine screen for drug abuse, and 15 cases in the A0081066 trial, which did not include a urine screen and only excluded patients who disclosed current and active drug abuse. It is thought that this observation may also apply to the CLBP population, where neither of the 2 trials in this analysis included a urine screen for illicit substances. While there have been some reports of potential abuse of pregabalin in patients with a substance abuse history, 30 a recent large-scale drug utilization study did not detect a signal of widespread pregabalin abuse. 31 It is recommended that pregabalin be gradually discontinued over a minimum of 1 week, 9 although there are limited data showing the most effective way to discontinue this type of medication. Discontinuation symptoms have been observed in some patients, but there are no data on their incidence or severity in relation to dose or duration of pregabalin use. 9 This analysis did not incorporate AEs reported following discontinuation of pregabalin in these trials (which may be considered discontinuation symptoms) due to the lack of consistent data collection methods and the potential for underreporting of AEs. Pregabalin has also been proposed as a treatment option for withdrawal symptoms in alcohol, benzodiazepine and, more recently, opioid dependence, but this use is not supported by Level I clinical evidence and remains controversial. 32, 33 There were a number of potential limitations of this analysis. The trials included were of different durations. There were significant differences in dose-escalation protocols across these studies, ranging from no escalation period, to a 6-week escalation period, and flexibledose trials. Data are not included for longer-term, openlabel, follow-up of patients. The majority of patients included in the analysis were DPN or PHN patients making it more challenging to draw conclusions about other disease conditions. This analysis did not consider pregabalin in combination with other pain medications; however, published data suggest combination with nonsteroidal anti-inflammatory drugs (eg, COX-2 inhibitors) 34, 35 and serotonin-norepinephrine reuptake inhibitors 36 does not negatively impact pregabalin's overall tolerability profile. Pregabalin has also shown efficacy in combination with opioids, 37, 38 but caution should be taken as there may be the potential for additive central nervous system-related AEs. 39 This analysis of patient-level data from 31 clinical trials of pregabalin in NeP provides extensive information for physicians and other healthcare providers on both which types of AE may be expected in a peripheral NeP population and when they are most likely to emerge and resolve. These data highlight the importance of monitoring the dose of pregabalin used, particularly in the first weeks of treatment when AEs are most likely to emerge. Careful dose titration to the highest tolerable dose is the most appropriate approach in patients with NeP treated with pregabalin. Potential AEs with pregabalin should be discussed with the patient, as greater awareness of what might be expected can help physicians find the right balance between management of AEs and improving patient outcomes.
